at various stages, 3 from plaque formation to breakage. 4 Therefore, numerous studies have identified and evaluated independent biomarkers, many of which are inflammatory factors, to predict the risk factors of CVD and stroke. Lipoprotein-associated phospholipase A2 (Lp-PLA2), for example, is a vascular inflammatory factor that has been demonstrated to be pro-atherosclerosis and positively correlated with CVD and ischemic stroke. [4] [5] [6] [7] [8] [9] These clinical studies indicate Lp-PLA2 as an independent risk factor for these inflammation-related conditions. In addition, another study observed that Lp-PLA2 is associated with a higher risk of developing mild cognitive impairment in type two diabetes mellitus patients. 10 Thus, this inflammatory factor can be used as an indicator of multiple diseases depending on context.
The detection of Lp-PLA2 enzyme expression is typically performed using qualitative immunological methods, while enzyme activity is evaluated by continuous active monitoring (rate method). 11 Activity monitoring, which reflects enzyme function and catalysis, is preferred over expression analysis because only a small fraction of total Lp-PLA2, mainly HDL-related Lp-PLA2, is typically detected in the latter. 12 The Lp-PLA2 activity reagent PLAC (Diazyme) was the first reagent approved by the Food and Drug Administration (FDA) in December in 2014, and its performance has been verified by studies in 2016 and 2017.
12,13
Alternatively, Diasys was the first Lp-PLA2 activity reagents registered by the China Food and Drug Administration, and several studies have shown an association between CVD and Lp-PLA2 activity using this reagent. Furthermore, in addition to Diasys, our team has also validated the performance of Zybio, Hengxiao, and Evermed Lp-PLA2 reagents for activity testing. We found that the performance of Diasys was superior. However, no studies to date have compared these assays in a Chinese population.
In this study, we optimized five common Lp-PLA2 activity assays to determine the most appropriate and accurate method for detecting enzyme catalysis in CVD and healthy Chinese patients. Our analysis utilizes two different levels of Lp-PLA2 activity to test and improve harmonization. To our knowledge, this study is the first to compare, recalibrate, and apply these assays to study the use of Lp-PLA2 as a CVD risk factor. 
| MATERIAL S AND ME THODS

| Patients and samples
| Instrument and reagents
Five commercially available Lp-PLA2 activity rate assays (Table 1) were analyzed in conjunction with a Beckman AU5800 automatic spectrophotometrically, and Lp-PLA2 activity is calculated from the rate of change in the absorbance. For each assay, the supplied reagents were used, and the calibration methods and experimental assays were performed based on the manufacturer's instructions. All samples were measured only after quality control was measured and confirmed to fall in an acceptable range.
| Precision
Assay precision was evaluated using two different residual serum samples with known Lp-PLA2 activity according to the CLSI. 14 A total of four replicates of each sample were measured for five consecutive days. We calculated the repeatability (CV%) and withinlaboratory precision (CV%).
| Method comparison among assays
For method comparison, Lp-PLA2 activity was measured twice using each assay within one analytical run to obtain an average value. As we previously verified the use of Diasys, we used this 
| Reference interval comparison
The reference interval was validated in 140 apparently healthy individuals according to CLSI C28-A2. 16 A 2.5% confidence interval (CI) and 97.5% CI were used as the reference interval established by the laboratory.
| Method comparison after recalibration
If the linear regression R 2 between assays was <0.95, then the methods were not comparable, and recalibration was unnecessary.
For comparable assays, fresh serum (847 U/L, determined with Diasys) was used to recalibrate the assays. The recalibration methods were then used to re-measure the same 110 patient serum samples. In order to ensure recalibration accuracy, fresh serum (442 U/L, determined with Diasys) was also used to recalibrate the assays. The second round of recalibrated methods was used to measure another 30 fresh serum samples, and each sample was detected twice.
| Cut-offs for Lp-PLA2 activity and categorization
There are currently no established cut-offs for Lp-PLA2 activity available to determine if a patient is at risk for developing CVD or cerebrovascular disease. Only the cut-offs provided by the manufacturers of each assay are available. Notably, the cut-offs for Evermed, Hengxiao, Zybio, and Diazyme are 670, 220, 659, and 225 U/L, respectively. The cut-off for Diasys varies with age and sex, with females ranging from 194-640 U/L (18~49 years of age) and 208-698 U/L (50~88 years of age) and males ranging from 230-728 U/L. Values below and above the cut-offs were considered normal and above the limit, respectively. The coincidence rate in this analysis refers to whether the results of the specified assay were evaluated in the same category as another assay.
| Statistical analysis
All statistical analyses were performed using SPSS 20. 
| RE SULTS
| Precision
The repeatability CV% and within-laboratory CV% of the five Lp-PLA2 assays investigated in this study were both lower than 3% (Table 2) .
| Patients sample distribution
The Lp-PLA2 activity of the 110 patient samples ranged from 109 to 1779 U/L when Diasys was used for detection. Figure 1 shows the distribution of Lp-PLA2 activity for the same 110 individuals measured by five separate assays.
| Coincidence rate of Lp-PLA2 activity measured using various assays
The coincidence rates of Diasys, Hengxiao, Zybio, and Evermed are shown in Table 3 . The overall coincidence rates and Kappa index of Lp-PLA2 activity results ranged from 75.5% to 98.2% and 0.441 to 0.936 (all P < 0.001), respectively.
| Reference interval and method comparison
Lp-PLA2 activity of 140 apparently healthy individuals was measured using Diasys, Evermed, Hengxiao, and Zybio to compare the reference intervals stated by the manufacturers (Table 1) (Table 5 ). (Table 5) . Lp-PLA2 activity is present as the means ± standard deviations using two known Lp-PLA2 activities for residual fresh serum. Repeatability and withinlaboratory CV% are shown as the percentage of the coefficient of variation. CV, coefficient variation.
| Harmonization through recalibration
Moreover, we also tested the linear relationship between assays before ( Figure 5 ) and after recalibration using 442 U/L Lp-PLA2
fresh serum ( Figure 6 ). The correlation between assays was good (R 2 > 0.996). The mean bias (±1.96 SD) before and after this recalibration was 9.3% (2.2%, 16.5%) and 0.5% (−2.6%, 3.5%) for Evermed compared to the mean of Evermed and Diasys, −69.6% (−83.8%, (Table 5 ).
TA B L E 4 Reference interval established by our laboratory
| D ISCUSS I ON
There are many published studies showing the relationship between Lp-PLA2 activity and disease, but fewer on the performance or coincidence of the assays used to measure Lp-PLA2 activity.
The studies that have evaluated performance have mainly utilized
Diazyme-based assays. However, in order to compare data across studies, it is vital to unify the detection method, and if possible, optimize the reagents used to provide the most accurate measurement of Lp-PLA2 activity. Thus, in this study, we compared five Lp-PLA2
assays and recalibrated the comparable assays using two different known Lp-PLA2 activities (847 U/L and 442 U/L) in fresh serum. To our knowledge, this study is the first to try to improve Lp-PLA2 activity harmonization using fresh serum.
Our results show that the upper limit of the reference interval for Hengxiao established in our laboratory was higher than that stated by the manufacturer. In fact, the manufacturer claims that the linear range of Hengxiao is 10 to 380 U/L, which is lower F I G U R E 4 Passing-Bablok regressions (A1-C1) and Bland-Altman plots (A2-C2) after recalibration using 847 U/L fresh serum than that of other assays because it utilizes a different assignment method. Because of these differences, we removed samples with values above 380 U/L from the Hengxiao assay before recalibration. Therefore, only 96 samples were used for comparison between Hengxiao and Diasys. These differences in linear range were not altogether surprising as several studies have demonstrated that the reference interval of Lp-PLA2 activity may be influenced by race, sex, age, and menopause. 17 Thus, we recommend that each laboratory develops their own reference interval and diagnostic cut-off value according to their own treatment population.
During clinical evaluation, method-specific reference intervals are also problematic, particularly for patients who visit different hospitals and/or are seen by different doctors. Furthermore, although measuring Lp-PLA2 activity can help provide guidance for early F I G U R E 5 Passing-Bablok regressions (A1-C1) and Bland-Altman plots (A2-C2) for 30 specimens after recalibration disease care and prevention, 6 it can only be used as a reliable risk factor if is monitored accurately and consistently. It is also important to note that there is currently no published reference medical decision level that can be used as an indicator for CVD or stroke.
Therefore, in the present study, it was necessary to use the reference interval stated by the assay manufacturers to evaluate the risk compared to the coincidence rate.
Notably, Lp-PLA2 is not a novel index, but the enzyme method for Lp-PLA2 activity was only approved by FDA in 2015, 12 and less research has focused on the medical decision level. Diasys was previously approved in China and was used as a reference assay in this study. The reference interval of Diasys was classified according to sex and age (menopausal), and we selected the higher reference interval as the medical decision level to compare the bias and observe F I G U R E 6 Passing-Bablok regressions (A1-C1) and Bland-Altman plots (A2-C2) after recalibration with 442 U/L fresh serum the clinical acceptance. The biological variation of Lp-PLA2 activity has been studied in 2017. 18 Thus, 17% was used as the biological variation to determine the acceptance bias at the medical decision level. 18 Our results indicate that the consistency between Diazymeand Diasys-based assays is poor. One reason for this might be the different traceability levels of the reagents. As they were inconsistent, it was not useful to recalibrate the Diazyme methods with fresh serum. As the other assays were more comparable to Diasys, they were used for recalibration using two fresh serum samples containing Lp-PLA2 activity equal to 847 U/L and 442 U/L. As there are currently no standard materials and methods available for these procedures, we analyzed the assays that were recalibrated using fresh serum pools. After recalibration, a good relationship was observed among the Lp-PLA2 activity levels measured by different assays (R 2 > 0.95). Recalibration also helped improve the differences in bias between the Hengxiaoand Diasys-based assays. However, the differences in bias did not improve between Zybio and Diasys during either of the two recalibration procedures. This is likely because the calibrator value for
Zybio is below 800 U/L. Moreover, while the differences in bias between Evermed and Diasys did not improve using 847 U/L to recalibrate, they were improved when using 442 U/L. Although the results of recalibration varied, they highlight an important issue during this procedure, namely that when using fresh serum to recalibrate different assays, the calibrator value should be selected carefully to ensure that the results are reliable. The bias among all assays was lower than 17% at the medical level of 728 U/L.
The quality of the measured materials is also important when assaying for Lp-PLA2 activity. The most commutable materials are serum pools prepared according to the C37-A guidelines. 19 Another commutable material, while lower in quality, is residual clinical samples, which are more easily obtained for research purposes. Thus, in the present study, serum pools were prepared as commutable materials for harmonization. In fact, fresh serum without mixing was shown to be the better commutable material among the different assays.
Although our research has reached its aims of comparing and optimizing commonly used Lp-PLA2 assays, this study does have some limitations. For instance, all analyses were performed on the same instrument. This could introduce instrument-based biases or inconsistencies. In other studies, researchers typically use two different automatic analyzers to test the same samples to verify the accuracy for a single Lp-PLA2 reagent. This is the optimal method when no gold-standard material or method is available. Thus, in the future, it would be best to explore the comparisons made in the present study with a different analyzer.
Furthermore, our primary conclusions are based on the use of Diasys as a standard method to which all of the other assays were compared. As there is currently no recognized medical decision level or threshold for Lp-PLA2 activity, the only way to compare the methods was to designate one assay as the standard level.
Although this study does have limitations, it still improves our current protocols for measuring Lp-PLA2 activity using fresh serum samples.
In conclusion, we optimized five common assays to determine the most appropriate, accurate, and comparable methods for detecting Lp-PLA2 activity in patients and healthy Chinese individuals.
Our results indicate that using fresh serum improved the comparability among assays, and it is vital to establish secondary materials to improve assay consistency. Taken together, our data emphasize the importance of establishing a reference method, extracting pure material, and using a unified traceability approach. While limitations exist and additional work is necessary, this study does provide essential information concerning the optimal assay conditions to measure Lp-PLA2 activity and highlights potential issues when comparing data across studies.
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